Purpose of Review The purpose of this review is to discuss the indications for reverse shoulder arthroplasty (RSA) in the treatment of massive rotator cuff tear (MCT), review the reported outcomes in the literature, and outline our approach and surgical technique for treating these patients. Recent Findings While RSA remains a successful and well-accepted treatment for cuff tear arthropathy (CTA), management of MCT in the absence of arthritis is controversial. In this particular setting, patients best suited for RSA are elderly, lower-demand individuals with chronic, irreparable MCT, and pseudoparalysis. Age < 60, better pre-operative function and upper extremity neurologic dysfunction are potential risk factors for poor outcome with RSA in this population. Long-term follow-up studies of RSA for CTA and MCT show good functional outcomes and implant survival > 90% at 10 years. Summary Treatment of MCT must be individualized for each patient. When patient selection is optimized, RSA is a reliable means of relieving pain and improving function with excellent success. Further investigation is necessary to better define its indications and assess the role of alternative, joint-salvaging procedures.
Introduction
Rotator cuff tears are common injuries in the adult population, with a prevalence as high as 22% in patients older than 65 [1] . Appropriate management depends on multiple factors, including both the size and chronicity of the tear, along with patientspecific factors such as age, functional status, and associated medical comorbidities. Rotator cuff tears have previously been classified based on tear size to help better characterize the pathology and guide treatment options. Although there is no consensus on the precise definition of a massive cuff tear, criteria such as tears ≥ 5 cm in greatest dimension and those involving two or more tendons are commonly referenced [2, 3] . Massive cuff tears (MCT) pose a challenge to surgeons given their size and potential for irreparability. They are also of increasing importance and interest, as they are reported to represent up to 40% of all rotator cuff tears [4] .
The treatment options for MCT are numerous. In the majority of cases, management should start with conservative measures with an emphasis on physical therapy. Shoulder rehabilitation exercises focusing on deltoid and periscapular muscle strengthening can help restore functional shoulder range of motion, even in the absence of a fully intact rotator cuff. In a traumatic setting, a period of rest, ice, and activity modification may be necessary to alleviate symptoms. NSAIDs and corticosteroid injections can also help to relieve pain. When conservative management is unsuccessful, surgical intervention is often warranted. Specific options include debridement with and without subacromial decompression, biceps tenotomy, partial or complete rotator cuff repair, tendon transfer, various grafting and tendon augmentation techniques, superior capsular reconstruction, and reverse total shoulder arthroplasty. This article will focus on the rationale and indications for reverse shoulder arthroplasty (RSA) in the setting of MCT. We will also review the outcomes reported in This article is part of the Topical Collection on Rotator Cuff Repair the literature as well as our personal experience, technique, and general considerations in treating these patients.
Pathomechanics
The rotator cuff muscle-tendon unit serves as a critical dynamic stabilizer of the shoulder joint. The force couples of the rotator cuff in both the transverse and coronal planes provide a "concavity compression" effect, which forces the humeral head into the center of the glenoid [5, 6] . This compensates for the lack of inherent stability of the glenohumeral articulation and creates a stable fulcrum, allowing the more powerful deltoid muscle to elevate the arm and position the hand in space. In the setting of a massive rotator cuff tear, these force couples are disrupted, and the compressive stabilizing effect is lost. Without a stable fulcrum to resist translation of the humeral head, shoulder instability and dysfunction occurs. Clinically, this can manifest as pseudoparalysis, in which a patient is unable to actively abduct or elevate the arm despite full passive motion. When the force couples cannot be re-established by other surgical means, the inverse ball and socket design of the RSA prosthesis provides an inherently stable fulcrum at the shoulder joint and allows the deltoid to regain its normal function (Fig. 1) .
Indications for RSA
Popular use of the reverse total shoulder prosthesis began to flourish after it was re-engineered by Grammont in 1985 [7] . While initial reports were limited to the treatment of rotator cuff tear arthropathy, implant design and surgical technique have evolved, and the indications for RSA have rapidly expanded to include treatment of acute 4-part proximal humerus fractures [8] [9] [10] , humeral fracture sequelae [11, 12] , osteoarthritis with glenoid bone loss [13] , revision arthroplasty [14] [15] [16] , and oncologic reconstruction [17] , as well as the treatment of MCT with and without glenohumeral arthritis [18] [19] [20] [21] . This article focuses on those pathologies specifically relating to primary deficiency of the rotator cuff.
Massive Cuff Tear with Glenohumeral Arthritis
The primary indication for RSA has been and remains rotator cuff deficiency in the setting of painful glenohumeral arthritis. The term "cuff tear arthropathy" was first formally described by Neer in 1983, as a complex condition of shoulder dysfunction due to rotator cuff deficiency [22] . The proposed pathomechanics involve mechanical factors brought on by superior migration of the humeral head and gross instability as well as nutritional factors related to the reduced motion with resultant disuse osteopenia and the leakage of synovial fluid with loss of normal joint pressure. Together these factors lead to a characteristic pattern of joint destruction [22] . Radiographic changes are progressive and include narrowing of the acromiohumeral interval, acetabularization of the acromion, superior erosion of the glenoid, femoralization and ultimate collapse of the humeral head, and medialization of the joint [23] . Hamada et al. proposed a radiographic classification of massive cuff tears reflecting these changes (Table 1) . Stages 4 and 5 of the classification demonstrate pathologic changes of the glenohumeral joint and, in this article, are more generally referred to as cuff tear arthropathy. Stages 1, 2, and 3 indicate MCT without arthritis.
Historically, cuff tear arthropathy (CTA) was a very difficult problem to treat, as neither rotator cuff repair nor conventional shoulder prostheses were able to successfully address the pathology. Surgical options, including hemiarthroplasty and other more constrained implants, offered less than satisfactory outcomes and were often fraught with complications [22, [24] [25] [26] [27] [28] . The advent of RSA was revolutionary in the treatment of this condition. The reverse prosthesis was able to address both the glenohumeral joint pathology and the instability incurred from the deficient rotator cuff. As our knowledge has increased and technology has advanced, surgical technique and implant design have improved. With the modern reverse prosthesis, we are able to offer these patients a reliable means of relieving pain and improving function with excellent success [18, [29] [30] [31] . MCT massive cuff tear, AHI acromiohumeral interval
Massive Cuff Tear without Glenohumeral Arthritis
While CTA is a clear indication for RSA, the optimal treatment for patients with MCT in the absence of arthritis is less obvious and remains controversial. It is imperative that treatment will be individualized for every patient. The first question is that of the reparability of the tendon. The success of rotator cuff repair (RCR) depends on a number of patientrelated factors, including age, health, and pre-operative function as well as certain characteristics specific to the tear, including size, chronicity, and quality of the remaining cuff [32] [33] [34] [35] [36] [37] . There is also the variable of the surgeon's technical skill and expertise. Advances in technology and improved repair techniques have expanded our ability to repair larger tears. However, in the case of a chronic, MCT, the tendon is often retracted and atrophic, and obtaining an appropriately tensioned anatomic repair may not be possible [38] . Furthermore, poor tendon quality and host biology, as in the case of an elderly patient, may limit the ability of the repaired tendon to heal [39] . All of these factors can have an impact on the feasibility of tendon repair and subsequent healing and should be used to guide treatment. For the massive cuff tears deemed to be irreparable, surgical options are limited. There are newer techniques such as allograft tissue augmentation and superior capsular reconstruction, both of which have shown promise in early reports, but there is relatively little data to support their widespread use at this time [40] [41] [42] . In certain patients with MCT without osteoarthritis, reverse shoulder arthroplasty may be a reasonable solution. Even in the absence of articular cartilage pathology, RSA has proven to be a reliable option to relieve pain and restore function [20] . It has been a mission of ours to study these patients carefully and analyze our own surgical results so that we may better understand who might best benefit from RSA in this population and optimize patient selection.
A patient being considered for RSA should have a painful, irreparable rotator cuff tear and evidence of pseudoparalysis with active forward elevation less than 90° [20, 43] . One should look closely at the patient's age, health status, and comorbid conditions. While multiple reports have shown RSA to be a reliable procedure with good outcomes in patients less than 65 years of age [44, 45, 46•, 47] , Muh et al. reported that patient satisfaction was lower for younger patients [45] . We have recently found younger age to be a risk factor for poor functional improvement after RSA in the specific setting of MCT without arthritis [48•] . Accordingly, we rarely consider performing RSA as an index procedure for MCT without arthritis in patients < 65, and one should exercise caution in this population. However, the elderly patient, particularly if they have poor prognostic indicators for rotator cuff healing such as smoking or diabetes, may be ideally served with RSA [43, 49, 50] .
Careful consideration should be given to a patient's prior history of shoulder surgery, particularly a previously failed attempt at RCR. Denard et al. previously found that revision RCR was able to reverse pseudoparalysis in only 43% of patients with MCT [51] . Moreover, Shamshudin et al. reported that revision cuff repair was associated with declining functional outcomes after 6 months, more re-tears, more pain with activities of daily living, lower activity level, and decreased overall satisfaction at 2 years post-operatively compared with primary cuff repair [52•] . Importantly, Sadoghi et al. found that previously failed arthroscopic rotator cuff surgery did not have a negative impact on outcomes and survival rate after reverse shoulder arthroplasty [53] . Thus, RSA is an excellent salvage operation in these patients and may be more prudent than a repeat attempt at repair.
In general, advanced imaging should reveal atrophy and fatty infiltration of the rotator cuff, as this has been shown to be an indicator of poor outcomes with attempted repair [33, 34, [54] [55] [56] (Fig. 2) . Dwyer et al. found medial-lateral tear dimension, as measured on a coronal MRI, to be the most predictive of tear irreparability [57] . Additionally, we carefully assess the patient's shoulder stability. On physical exam, anterosuperior escape of the humeral head can be observed with attempted abduction of the arm, indicating dynamic instability [43] . The loss of humeral containment within the coracoacromial arch accounts for the observed pseudoparalysis. These patients may or may not have a narrowed acromiohumeral interval on radiographic imaging, which indicates more chronic instability and subluxation. Patients with a painful MCT, obvious instability, and moderate to severe anterosuperior escape are appropriate candidates for RSA (Fig. 3 ).
Contraindications
RSA is specifically contraindicated in patients with a nonfunctional deltoid. This may be a result of cervical radiculopathy, axillary nerve injury, or deltoid injury from prior open shoulder surgery. Careful physical examination is critical and can differentiate deltoid weakness from rotator cuff deficiency. Furthermore, a potentially reparable MCT in a younger patient with mild to no osteoarthritis of the glenohumeral joint is not an appropriate indication for RSA. Similarly, acute traumatic MCT in active individuals is best managed with an attempt at arthroscopic RCR.
In an attempt to better delineate which patients might be at greater risk for having a poor outcome with RSA, we looked closely at a group of 74 patients who underwent RSA for MCT without osteoarthritis [48•] . Out of the entire population, we selected out those who were deemed to have a poor outcome defined by an improvement in SST score of 1 point or less. When we compared this group with the rest of the study cohort, the risk factors for poor improvement following RSA were age < 60, pre-operative SST score ≥ 7, and upper extremity neurologic dysfunction Previously, the absence of pseudoparalysis has been reported to be associated with worse outcomes after RSA [20, 59] . Interestingly, we did not find pre-operative active forward elevation > 90 degrees to be an independent risk factor for poor functional improvement [48• ]. While we would certainly caution against using RSA in patients with preserved forward elevation, there may be a role for RSA in a small subset of these patients. Specifically, patients with a painful, massive rotator cuff tear with loss of active external rotation and preserved forward elevation may do well with an RSA and a simultaneous latissimus dorsi transfer. For this reason, we prefer to focus more on one's overall pre-operative function as opposed to any particular motion measurement, and we recommend exercising caution when considering RSA in patients with SST ≥7 [48•].
Outcomes
Frankle et al. evaluated 60 patients who underwent RSA for rotator cuff tear arthropathy and glenohumeral osteoarthritis [19] . At a mean follow-up of 33 months, there were significant improvements in forward elevation (55 to 105), abduction (41 to 102) and external rotation (12 to 41). VAS pain scores improved from 6.2 to 2.2, ASES scores improved from 34.3 to 68.2, and 95% of patients were satisfied with the procedure. An overall complication rate of 17% was observed with no cases of scapular notching and a 12% revision rate due to glenoid baseplate failure [19] . After a critical review of failure modes and a thorough biomechanical investigation, the baseplate was re-designed to incorporate 5.0-mm peripheral locking screws [60] . A subsequent report on 96 RSAs performed for various indications showed an improved complication rate of 9.4% with no cases of mechanical baseplate failure [18] . These functional improvements with RSA for CTA have been reproducible in a large number of patients by multiple other surgeons with comparable complication rates [29] [30] [31] 61] .
In the setting of massive irreparable rotator cuff tear without glenohumeral arthritis, Mulieri et al. reported on 60 patients who had RSA specifically for this indication [20] . They observed significant improvements in range of motion, VAS pain scores, and all functional outcome measures investigated (ASES, SST, and SF-36). There was an overall complication rate of 20% [20] . In 2015, Hartzler et al. reported on another 74 patients with RSA for the same indication, and similar results were observed with significant improvements in range of motion and all outcome measures [48•] . The overall complication rate was 17% with a 1.4% revision rate at a minimum of 2-year follow-up. Recent analysis of a cohort of 92 patients over the age of 65 who underwent RSA for MCT without osteoarthritis by the senior author (M.A.F.) again demonstrated improvements in all clinical and functional outcome measures with a re-operation rate of 2.2% at a minimum of 2 years. This outcome data from our institution is summarized in Table 2 .
A recent systematic review of the literature by Petrillo et al. evaluated 408 RSAs in 396 patients, all performed for either CTA or massive, irreparable rotator cuff tear [62• ]. Post-operatively, there was statistically significant improvement in all clinical outcome scores and improved range of motion in all planes. They found an overall complication rate of 17.4%, resulting in a revision rate of 7.3% [62•] . A more recent series by Groh and Groh, which included RSA for indications other than rotator cuff pathology, observed a more favorable overall complication rate of 7% in 114 shoulders and a re-operation rate of 5.3% [63] . Moreover, when revision arthroplasties were excluded, the complication rate in 93 primary RSAs was 4.3% with a re-operation rate of 2.2%. These improved complication and re-operation rates may reflect more recent mastery of the procedure.
Implant Survival and Long-term Follow-up
One concern regarding the routine use of RSA, particularly in younger patients, has been that of the longevity of the implant. This is of critical importance given the known high complication rate and technical difficulty of revision RSA [64•, 65] . Two early reports of the long-term survivorship of RSA both demonstrated a survival rate of 95% at 120 and 97 months, respectively, when performed specifically for MCT with arthropathy [66, 67] While post-operative complications and long-term implant survival appear to be reasonable, there is the additional concern of potentially decreasing functional outcomes over time with RSA. Both Guery et al. and Sirveaux et al. noted deterioration in functional scores after 6 years [66, 67] . A multicenter study by Favard et al. reviewed a large number of RSAs performed by multiple surgeons using different approaches and implants and found a decrease in Constant-Murley scores after 8 years [70] . Most recently, Bacle et al. found a similar decrease in Constant-Murley scores at a long-term follow-up (average 150 months) when compared to the scores at mid-term follow-up (average 39 months) [68•] . It is worth noting that RSAs performed for the indications of CTA and MCT were associated with less functional decline. In a review of our own most recent follow-up data, we found that our patients maintained their improvements in ASES, SST, and pain scores at 10 years [69•]. We observed a small decrease in range of motion in all planes between the 5-year and 10-year studies, which we attribute to the advanced age of the cohort (average age of 78 years at last follow-up). It has been observed in most series that RSA performed for MCT and CTA has faired better in the short and long term when compared to RSA performed for other indications [21, 66, 68•, 70] .
Surgical Technique
We prefer a standard deltopectoral approach to the shoulder. The incision begins 5 cm medial to the acromioclavicular joint at the anterior border of the clavicle and extends distally over the coracoid to the lateral aspect of the humerus at the deltoid insertion. Upon subcutaneous dissection to the deltopectoral interval, the cephalic vein is taken medially with the pectoralis, taking care to cauterize all lateral tributaries to the deltoid. The medial border of the deltoid is elevated. It is essential to release all subdeltoid adhesions and debride the bursa from the subdeltoid and subacromial spaces. The subscapularis muscle is released directly off of the bone at the lesser tuberosity. The subscapularis should be adequately mobilized to facilitate later repair by debriding capsular tissue and releasing adhesions deep to the muscle belly from the anterior wall of the scapula, as well as those from the subcoracoid space. The proximal humerus is dislocated anteriorly, and an anatomical humeral head cut is made. Loose edges of irreparable rotator cuff should be debrided to prevent impingement with the humerosocket and glenosphere. The glenoid is exposed and prepared with thorough debridement of the labral tissue circumferentially.
A central line for the baseplate center screw is utilized, taking care not to distalize the glenoid component (Fig. 4) . Many patients with chronic rotator cuff deficiency will have pre-existing superior humeral head migration. In this setting, distalizing the components may produce excessive soft tissue tension and generate undue stress across the implant-bone interface and on the acromion. Furthermore, distalization of the humerus disrupts the normal glenohumeral joint mechanics. Particularly in the setting of MCT without osteoarthritis when the bony structures are relatively preserved, we feel that it is critical to restore the patient's anatomy to as close to normal as possible. Most patients have some residual rotator cuff tissue attached to the humerus, and by restoring the native anatomy, one can appropriately tension the remaining cuff and maximize its function. We find this to be critical to preserve and/or restore active external rotation after RSA. Thus, we recommend the use of an anatomic humerosocket neck-shaft angle and a lateralized glenosphere with an anatomic center of rotation. After the glenosphere is inserted, the humerus is prepared for component implantation. The humeral cup should be at the level of the cortical rim such that it is inset into the humerus (Fig. 5) . After trialing and final implantation of the components, the subscapularis is repaired whenever possible.
General Considerations
While RSA has proven to be a reliable and lasting means of offering pain relief and improving function in patients with massive, irreparable rotator cuff tears, we must continue to exercise caution against its widespread use, particularly in patients without arthropathy. In addition to the concerns over potential surgical complications and long-term implant survivability, there is the separate issue of its increased cost. Makhni et al. analyzed the cost-effectiveness of RSA versus arthroscopic RCR in patients with large or massive rotator cuff tear without arthropathy and found repair to be a more costeffective procedure based on the available data in the literature Fig. 4 The central screw of the glenoid baseplate is placed at the centerline of the glenoid fossa [71•] . This was largely due to the increased cost of implants and inpatient hospital stays with RSA, combined with the good functional results after RCR. Indeed, Henry et al. performed a meta-analysis of 954 patients with chronic, MCT who underwent either complete or partial arthroscopic RCR and found consistent improvement in range of motion and functional outcome scores [72•] . It is worth noting that the average pre-operative forward flexion of patients included in the meta-analysis was 125 degrees, which is much higher than that seen in the patients we would normally be considering for RSA. Nevertheless, the necessity of a complete repair and importance of tendon healing has recently been called into question, as reasonable short-term results have been observed even with partial repairs and in the absence of healing [33, 72•, 73, 74•] . Thus, an attempt at RCR may be a reasonable index procedure for MCT without arthritis, even in an elderly patient when the odds of obtaining an anatomic repair are minimal. Certainly, those patients unwilling to undergo a joint replacement procedure and/or have more labor-intensive lifestyles are best treated with complete or partial RCR. The observed retear rate of 79% in the meta-analysis by Henry et al. is worrisome, however, and should be discussed with patients prior to surgery [72•] . Although this did not seem to have an identifiable impact on patient outcomes at early follow-up in their study, other authors have reported recurrent tears to be associated with worse outcomes, and the long-term consequences of re-tear are unknown [75] . As mentioned by Makhni et al., RSA may still be appropriate and cost-effective as an index procedure for MCT without arthritis when the likelihood of a re-tear is high, as is the case for the patients for whom we consider this procedure [71•] .
Future Directions
Future studies should closely examine the long-term functional results after both RSA and RCR for MCT. Despite the good outcomes after RSA at 10 years from recent reports, patients are living longer, and we still cannot predict how these implants will perform at longer term follow-up. We also need to better understand the role of superior capsular reconstruction, as this may prove to be a good option for those patients without arthritis who suffer from pseudoparalysis and isolated anterosuperior escape. As surgeons, careful and critical analysis of our results with these different procedures should help us continue to better define their indications and maximize their benefit while minimizing complications and the overall burden to the healthcare system.
Conclusions
RSA has shown excellent results for the treatment of massive cuff tear with and without glenohumeral arthritis. Cuff tear arthropathy remains the classic indication for RSA. Even in the absence of arthritis, RSA may be a reasonable option for certain patients with a massive, irreparable tear. Patient history and peri-operative activity demands should be investigated thoroughly so that treatment can be individualized for each patient. Ideal candidates for RSA in this population are elderly, lower-demand individuals with chronic rotator cuff deficiency, pseudoparalysis, and clinical and/or radiographic evidence of anterosuperior escape. RSA is also a reliable salvage procedure in the setting of prior failed RCR. Risk factors for poor outcome with RSA for MCT without arthritis include age < 60, better pre-operative function, and upper extremity neurologic dysfunction. With regard to operative technique, we recommend restoring the patient's native anatomy to as close to normal as possible by using an implant with a lateralized center of rotation and avoiding distalization of the humerus. Future studies should further investigate the role of superior capsular reconstruction, which may be a reasonable alternative for some of these patients.
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